Objective: To investigate parameters of lung function and respiratory muscle strength in different stages of Parkinson's disease (PD), as well as to determine their correlation with motor function and quality of life. Methods: This was a cross-sectional study conducted at a referral center for PD in the city of Recife, Brazil. Respiratory muscle strength and lung function, as well as their relationship with motor function and quality of life, were evaluated in patients with PD, stratified by the level of severity, and were compared with the data obtained for a control group. After confirming the normality of data distribution, we performed one-way ANOVA with a post hoc t-test. Results: The sample comprised 66 individuals, in two groups: PD (n = 49) and control (n = 17). All of the parameters investigated showed inverse correlations with PD severity, and there were significant differences among the levels of severity, as well as between the PD and control groups, in terms of the MIP, MEP, FVC, FEV 1 , and FEF 25-75% . The lung function parameters also showed moderate to weak inverse correlations with bradykinesia and rigidity. On a quality of life questionnaire, the total score and mobility domain score both presented a moderate inverse correlation with FVC, FEV 1 , PEF, and MEP. Conclusions: Respiratory muscle strength and some lung function parameters are impaired from the early stages of PD onward, bradykinesia and rigidity being the cardinal signs that correlate most strongly with impairment of those parameters. Such alterations negatively affect the quality of life of patients with PD.
INTRODUCTION
Respiratory dysfunction is the leading cause of death among individuals with Parkinson's disease (PD) and can be caused by respiratory muscle stiffness and postural dysfunction, as well as changes in upper airway muscle activation and coordination. (1) As the disease progresses, lung function decreases in most patients, thus increasing the severity of PD. (2, 3) Reduced lung function has been attributed to muscle stiffness and postural changes (including hyperkyphosis), which limit chest expansion and result in reduced lung volumes and restrictive lung disease. (4) Although pulmonary dysfunction is a common and potentially serious complication in PD patients, respiratory symptoms are rare. This might be due to the fact that patients with PD generally have a sedentary lifestyle; that is, they are unable to complete enough physical exertion to induce respiratory adaptations that might promote respiratory dysfunction. (5, 6) Therefore, it is important to assess respiratory muscle strength and lung function, as well as their impact on motor function, in patients with PD in order to implement therapeutic interventions aimed at improving respiratory muscle strength, lung function, and quality of life. (7, 8) The objective of the present study was to investigate parameters of lung function and respiratory muscle strength in different stages of PD, as well as to determine their correlation with motor function and quality of life.
METHODS

This was a cross-sectional study conducted at the Federal University of Pernambuco Hospital das Clínicas
Neurology Outpatient Clinic, located in the city of Recife, Brazil. The study was conducted under the auspices of the Pro-Parkinson Outreach Program, which is a referral program for patients with PD. The study was approved by the local research ethics committee (Protocol no. 49958315.2.0000.5208).
Patients routinely followed at the outpatient clinic were personally invited to participate in the study. The convenience sample consisted of patients clinically diagnosed with idiopathic PD in accordance with the Brazilian National Ministry of Health criteria (9) and healthy individuals. Participants were divided into two groups: PD and control.
The criteria for inclusion in the PD group were as follows: having been diagnosed with PD in accordance with the original Hoehn and Yahr (H&Y) scale (10) and having no cognitive impairment, as assessed by the Mini-Mental State Examination. (11, 12) The exclusion criteria were as follows: being under 40 years of age; being over 80 years of age; having a history of lung disease; having undergone thoracic surgery; having undergone surgery (deep brain stimulation or stereotactic surgery) to treat PD symptoms; and failing to complete all of the tests. The control group comprised healthy adults in the 55-to 80-year age bracket. Smokers and former smokers were excluded from the study.
Respiratory muscle strength parameters (MIP and MEP) were assessed with a digital manometer (MVD 300; Globalmed, Porto Alegre, Brazil), in accordance with international guidelines, (13) being expressed in cmH 2 O. Three maneuvers were performed for each test, the best of the three being selected for analysis. Predicted values and percent predicted values were calculated from the equations provided by Pessoa et al. (14) Spirometry was performed with a portable spirometer (EasyOne; ndd Medical Technologies, Zurich, Switzerland), in accordance with international guidelines. (15) The following parameters were measured: FVC, FEV 1 , FEV 1 / FVC, FEF 25-75% , and PEF. Results were expressed as absolute values, predicted values, and percent predicted values, in accordance with Pereira et al. (16) Motor function was assessed with subscale III of the Unified Parkinson's Disease Rating Scale (UPDRS-III) while patients were in an "on" state (i.e., using levodopa). UPDRS-III consists of 14 items (items 18-31) that can be scored as 0-4 based on severity. (17) The UPDRS was developed in 1987 (18) and is widely used in order to monitor disease progression and drug treatment efficacy. It assesses signs, symptoms, and certain activities by self-report and clinical observation. It consists of 42 items divided into four parts: I) mentation, behavior and mood; II) activities of daily living; III) motor examination; and IV) complications of therapy. Individual item scores range from 0 (normality) to 4 (disabling disease). (17, 18) Each subscale can be administered separately; answers to UPDRS-III are clinically assessed by a health professional.
Quality of life was assessed with the 39-item Parkinson's Disease Questionnaire (PDQ-39), which was adapted for use in Brazil in 2005, at the University of Oxford Department of Public Health and Primary Care Health Services Research Unit (in Oxford, UK). (19) The PDQ-39 is divided into 8 domains, total scores ranging from 0 to 100. A lower score translates to a better perceived quality of life. The total score and mobility domain score were correlated with lung function and respiratory muscle strength parameters.
The Shapiro-Wilk test was used in order to ascertain the normality of datasets. One-way ANOVA and a post hoc t-test were used in order to compare the groups. Pearson's correlation coefficient was used in order to measure the relationship among functional variables, symptoms of PD, and quality of life, being expressed as r and %r 2 . Values of r = 0.10-0.39 (0-15%) indicated a weak correlation, values of r = 0.40-0.69 (15-50%) indicated a moderate correlation, and values of r = 0.70-1.00 (50-100%) indicated a strong correlation, in accordance with the classification proposed by Dancey and Reidy. (20) All statistical analyses were performed with the Predictive Analytics Software package for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA), values of p < 0.05 being considered significant.
RESULTS
A total of 89 individuals (70 PD patients and 19 controls) were recruited. Of those, 23 (21 PD patients and 2 controls) were excluded. Therefore, the final sample consisted of 66 individuals (49 PD patients and 17 controls; Figure 1 ). Because only 3 patients with H&Y stage 4 PD completed all of the tests, the PD group was subdivided as follows: patients with H&Y stage 1 PD (the H&Y1 group), patients with H&Y stage 2 PD (the H&Y2 group), and patients with H&Y stage 3/4 PD (the H&Y3/4 group; Table 1 ).
MIP and MEP were significantly and inversely correlated with PD severity, as well as being significantly lower in the PD group than in the control group (Table  2) . Similarly, FEV 1 , PEF, and FEF 25-75% , as well as percent predicted FVC, FEV 1 , PEF, and FEF 25-75% , were significantly and inversely correlated with PD severity, as well as being significantly lower in the PD group than in the control group. The differences between the H&Y3/4 group and the remaining groups were all significant ( Table 3) .
Some of the lung function parameters were significantly correlated with bradykinesia and rigidity. Bradykinesia showed a statistically significant moderate inverse correlation with FEV 1 and significant but weak inverse correlations with FVC, PEF, and FEF 25-75% . Rigidity showed significant but weak inverse correlations with FVC and PEF. With regard to motor function, UPDRS-III scores showed significant but weak inverse correlations with FEF 25-75% , PEF, and MEP (Table 4 ).
Total PDQ-39 scores and PDQ-39 mobility domain scores showed significant moderate inverse correlations with FVC, FEV 1 , PEF, and MEP (Table 5) .
DISCUSSION
In the present study, maximal respiratory pressures decreased with the progression of PD, with significant differences between controls and patients with PD at all levels of disease severity. This finding demonstrates that maximum respiratory pressures are lower in patients with PD than in individuals without the disease, regardless of disease severity. Specific PD features might play a larger role in this process than do agingrelated losses. In patients with PD, respiratory muscle weakness might be due to progressively reduced chest wall motion and, consequently, reduced tidal volume. (21) Therefore, reduced MIP and MEP values might be related to the inherent characteristics of PD, including postural changes (increased kyphosis), thoracic spine stiffness, and rib cage stiffness, all of which result in decreased muscle flexibility and control. (22, 23) Chest muscle rigidity, bradykinesia, and tremors can severely compromise breathing in patients with PD. (22, 24) Parasympathetic hyperactivity results in impaired respiratory physiology and, consequently, airway smooth muscle constriction. (25) Patients with neuromuscular disease present with altered activity in the respiratory centers, as evidenced by impaired activation and coordination of the muscles that control central airway function. (26, 27) Therefore, our findings are consistent with those of Seccombe et al., (28) who found that MIP and MEP were below the normal range in 68% and 79% of patients, respectively. Sathyaprabha et al. (29) found that respiratory muscle strength was significantly lower in individuals with PD than in those without the disease. They found an improvement in MIP and MEP in PD patients receiving levodopa in comparison with those not receiving the drug. These findings are consistent with those of Weiner et al. (30) In the present study, certain lung function parameters (FVC, FEV 1 , FEF 25-75% , and PEF) decreased significantly as PD progressed. Patients with PD typically present with restrictive lung disease, the most common changes being reduced tidal volume, reduced minute volume, and reduced inspiratory flow. These changes are related to respiratory muscle stiffness and hypokinesia, which are characteristic signs of PD. (6, 28, 29) Although respiratory symptoms are rare in the early stages of PD, there have been reports of changes in lung function and respiratory mechanics in patients with PD. (18, 26, 29) Possible explanations for reduced lung volume and capacity include the following: impaired upper airway muscle function affecting airflow resistance and causing flow oscillation (27) ; diaphragmatic flutter (30) ; and reduced MEP. (31) Significant inverse correlations were found between UPDRS-III scores and the following lung function parameters: FVC, FEV 1 , PEF, and FEF 25-75% . A worse motor function (i.e., a higher UPDRS-III score) translates to lower FVC, FEV 1 , PEF, and FEF 25-75% .
The respiratory system of patients with PD is likely affected by impaired motor function, with reduced thoracic motion resulting in postural misalignment and osteoarticular degeneration, both of which affect respiratory mechanics. (32) Significantly increased motor symptoms, including bradykinesia and rigidity, which worsen when patients are off levodopa, have been (10) ; H&Y1: patients with H&Y stage 1 Parkinson's disease; H&Y2: patients with H&Y stage 2 Parkinson's disease; and H&Y3/4: patients with H&Y stage 3/4 Parkinson's disease. *One-way ANOVA and post hoc t-test (least significant difference). FVC, % predicted: H&Y1 vs. H&Y3/4 (p < 0.001); H&Y2 vs. H&Y3/4 (p = 0.004); and H&Y3/4 vs. controls (p < 0.001). FEV 1 : H&Y1 vs. H&Y3/4 (p = 0.002) and H&Y2 vs. H&Y3/4 (p = 0.012). FEV 1 , % predicted: H&Y1 vs. H&Y3/4 (p < 0.001); H&Y2 vs. H&Y3/4 (p = 0.003); H&Y2 vs. controls (p = 0.05); and H&Y3/4 vs. controls (p < 0.001). PEF: H&Y1 vs. H&Y2 (p = 0.026); H&Y1 vs. H&Y3/4 (p < 0.001); H&Y2 vs. H&Y3/4 (p = 0.008); and H&Y3/4 vs. controls (p = 0.004). PEF, % predicted: H&Y1 vs. H&Y2 (p = 0.003); H&Y1 vs. H&Y3/4 (p < 0.001); H&Y2 vs. H&Y3/4 (p = 0.001); H&Y2 vs. controls (p = 0.003); and H&Y3/4 vs. controls (p < 0,001). FEF 25-75% : H&Y1 vs. H&Y3/4 (p = 0.001) and H&Y3/4 vs. controls (p = 0.0043). FEF 25-75% , % predicted: H&Y1 vs. H&Y3/4 (p = 0.003) and H&Y3/4 vs. controls (p = 0.003). Predicted MIP: H&Y1 vs. controls (p = 0.007); H&Y2 vs. controls (p = 0.007); and H&Y3/4 vs. controls (p = 0.02). MIP, % predicted: H&Y1 vs. controls (p < 0.0001); H&Y2 vs. controls (p < 0.0001); and H&Y3/4 vs. controls (p < 0.0001). MEP: H&Y1 vs. controls (p = 0.031) and H&Y3/4 vs. controls (p = 0.002). MEP, % predicted: H&Y1 vs. controls (p = 0.002); H&Y2 vs. controls (p = 0.003); and H&Y3/4 vs. controls (p < 0.001). shown to be associated with reduced lung function and impaired respiratory mechanics. (33, 34) Our findings are consistent with those of a study in which a strong inverse correlation was found between PEF and PDQ-39 scores in patients with PD. (34) With regard to quality of life, total PDQ-39 scores and PDQ-39 mobility domain scores showed moderate inverse correlations with FVC, FEV 1 , PEF, and MEP. As the disease progresses, motor changes negatively affect patient physical, mental, emotional, and socioeconomic status, resulting in poor perceived quality of life. In addition, impaired mobility leads to social isolation and reduced activities of daily living, with progressive worsening of pulmonary complications. (35) Although it is important to determine the impact that changes in lung function and respiratory mechanics have on the quality of life of patients with PD, few studies have addressed this issue, further studies therefore being required. 
